AMENDMENTS TO THE DRAWINGS 

Replacement formal Figures [3a, 3b, 1 1, and 12] are submitted concurrently herewith under 
a separate cover letter. 
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REMARKS 

In view of the above amendments and the following remarks, reconsideration of the 
objections contained in the Office Action of March 4, 2008 is respectfully requested. 

In order to make necessary editorial corrections, the entire specification and abstract have 
been reviewed and revised. As the revisions are quite extensive, the amendments to the specification 
and abstract have been incorporated into the attached substitute specification and abstract. For the 
Examiner's benefit, a marked-up copy of the specification indicating the changes made thereto is also 
enclosed. No new matter has been added by the revisions. Entry of the substitute specification is 
thus respectfully requested. 

The Examiner objected to the original drawings due to an informality. In particular, the 
Examiner asserted that original Figures 3a, 3b, 1 1, and 12 require a "Prior Art" designation because 
only that which is old is illustrated in those figures. In view of this objection, a set of new formal 
figures has been submitted herewith, in which Figures 3a, 3b, 1 1, and 12 have been amended as 
required by the Examiner. As a result, it is respectfully submitted that the Examiner's objection to 
the drawings has been overcome. 

The Examiner objected to original claims 1-7 due to an informality. In particular, the 
Examiner asserted that the original claims improperly referred back to the drawings by using the 
phrase "the plan view." Although the Applicants do not acquiesce to the Examiner's objection, the 
claims have now been reviewed and revised in order to replace the original language cited by the 
Examiner with new language that clearly does not refer to the specification or drawings. 
Furthermore, additional formal amendments have been made to the original claims in an effort to 
place the original claims in a preferred form. These additional amendments are directed only to 
matters of form, and do not affect the scope of the claims. As a result of the amendments to the 
claims, it is respectfully submitted that the Examiner's objections to the claims have also been 
overcome. Furthermore, in view of the Examiner's indication of allowable subject matter, it is 
submitted that claims 1-7 are now in condition for allowance. 
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In view of the above amendments and remarks, it is submitted that the present application 
is now in condition for allowance. However, if the Examiner should have any comments or 
suggestions to help speed the prosecution of this application, the Examiner is requested to contact 
the Applicant's undersigned representative. 


WDH/jmj 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
May 5, 2008 


Respectfully submitted, 



Registration No. 44,142 
Attorney for Applicants 
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The present invention relates to a Coriolis flowmeter that 
is used to obtain the mass flow rate and/or density of a measurement 
fluid detecting a phase difference and/or vibration frequency 
proportional to Coriolis forces acting on a flow tube. 

Background Art 

In a Coriolis flowmeter, a tube through which a. fluid to be 
measured flows is supported at one end or both ends thereof, and 
vibration is applied to a portion of the tube around the supporting 
point in a direction vertical to the flowing direction of the tube 
(hereinafter, a tube to which vibration is applied is referred to 
as a flow tube) . The Coriolis flowmeter is a mass flowmeter, which 
utilizes the fact that the Coriolis forces applied to the flow tube 
when vibration is thus applied thereto, are proportional to a mass 
flow rate. The Coriolis flowmeter, which is well known, is roughly 
classified into two types in terms of flow tube structure : a straight 
tube type and a bent tube type. 

In a Coriolis flowmeter of the straight tube type, when 
vibrat ion is applied to a straight tube , whose both ends are supported, 
in a direction vertical to the straight- tube center portion axis, 
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a difference in displacement due to the Coriolis forces is generated 
between the support portions and the central portion of the straight 
tube, that (that is, a phase difference signal is obtained obtained) , 
and, based on this phase difference signal, the mass flow rate is 
detected. The straight tube type Coriolis flowmeter, thus 
constructed has a simple, compact, and solid structure . On the other 
hand, there arises a problem in that it is difficult to achieve 
high detection sensitivity. 

In contrast, the bent tube type Coriolis flowmeter is superior 
to the straight tube type Coriolis flowmeter from a view point that 
it allows selection of a shape for effectively obtaining the Coriolis 
forces . In fact, it is capable of performing mass flow rate detection 
with high sensitivity . Known examples of the bent tube type Coriolis 
flowmeter include one equipped with a single flow tube (see, for 
example, JP 04-55250 A) , one equipped with two flow tubes arranged 
in parallel (see, for example, Japanese Patent 2 93 9242) , and one 
equipped with a single flow tube in a looped state (see, for example, 
JP 05-69453 A) . 

Incidentally, as a driving means for driving the flow tube, 
a combination of a coil and a magnet is generally employed . Regarding 
the mounting of the coil and the magnet, it is desirable to mount 
them at positions not offset with respect to the vibrating direction 
of the flow tube from the viewpoint of minimizing the positional 
deviation between the coil and the magnet . In view of this , Japanese 
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Patent 2939242 discloses a construction in which two flow tubes 
arranged in parallel are mounted so as to hold a coil and a magnet 
between them. Thus, a design is adopted in which the distance between 
the two flow tubes opposed to each other is at least large enough 
to enable the coil and the magnet to be held therebetween. 

In the case of a Coriolis flowmeter in which two flow tubes 
respectively exist in planes parallel to each other and which exhibits 
a large caliber or high flow tube rigidity, it is necessary to enhance 
the power of the driving means, so that it is necessary to hold 
a large driving means between the two flow tubes. Thus, a design 
is adopted in which the distance between the flow tubes is of necessity 
large even at the fixing end portions constituting the roots of 
the flow tubes. 

However, an increase in the above-mentioned distance at the 
fixing end portions involves the following problem: it leads to 
a deficiency in rigidity at the fixing end portions, with the result 
that vibration leakage is likely to occur (The flow tubes undergo 
bending vibration to cause vibration leakage) . 

On the other hand, in the construction as disclosed in JP 
05-69453 B, in which a single flow tube is looped, another problem 
is involved: as shown in Figs. 11 and 12, it is necessary for a 
bent tube portion 101 to exist between a first curved tube portion 
102 and a second curved tube portion 103. If such a sharp bending 
is to be effected, the manufacture is rather difficult and, further, 
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there is a problem in terms of the resistance to pressure of thchc 
the tubes. 

Diocloaurc Summary of the Invention 

The present invent ion has beenmade in view of the above problems 
in the prior art . It is an object of the present invention to provide 
a Coriolis flowmeter which involves minimum positional deviation 
and is not susceptible to vibration leakage, and which is easy to 
manufacture and provides high durability. 

To attain the object of the present invention, according to 
the present invention, there is provided, as shown in Fig. 1 
illustrative of its basic construction, a Coriolis flowmeter 11 
including : including a measurement flow tube 1 including first and 
second curved tube portions 2 and 3 , the 3 . The first curved tube 
portion 2 having has a first inlet portion 4 through which a 
measurement fluid flows in and a first outlet portion 5 through 
which the measurement fluid flows out, while the second curved tube 
portion 3 having has a second inlet portion 6 through which the 
measurement fluid flows in and a second outlet portion 7 through 
which the measurement fluid flows out; and a out. A fixing member 
8 , which 8 is situated in a middle position of the flow tube 1 as 
seen in plan view (i.e., when viewed looking down at the flowtube 
1) , and to which the first inlet portion 4, the second inlet portion 
6, the first outlet portion 5, and the second outlet portion 7 are 
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fixed, — £he fixed to the fixing member. The Coriolis flowmeter 11 
being is used to obtain at least one of a mass flow rate and a density 
of the measurement fluid through detection of at least one of a 
phase difference and a vibration frequency proportional to the 
Coriolis forces acting on the first and second curved tube portions 
2 and 3 by vibrating the first and second curved tube portions 2 
and 3 with the first and second curved tube portions 2 and 3 being 
opposed to each other, wherein, the other. The first inlet portion 
4, the second inlet portion 6, the first outlet portion 5, and the 
second outlet portion 7 are fixed to the fixing member 8 such that : 
that their tube axes are arranged in the same plane, the first inlet 
portion 4 and the second inlet portion 6 being arranged in a 
non-parallel state such that a distance therebetween increases with 
increasing (distance) departure from the fixing member 8; and such 
that the first outlet portion 5 and the second outlet portion 7 
are arranged in a non-parallel state such that a distance therebetween 
increases with increasing departure (distance) from the fixing 
member 8 , the 8 . The first and second inlet portions 4 and 6 and 
the first and second outlet portions 5 and 7 being are fixed so 
as to be arranged oymmctrically , — and wherein a symmetrically. A 
distance between respective driven portions 10 of the first and 
second curved tube portions 2 and 3 is smaller than a distance between 
respective portions thereof (connecting portions 16a) continuous 
with the driven portions 10. 
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Further, to attain the object of the present invention, there 
is provided, as shown in Fig. 1, a Coriolis flowmeter 11 including : 
including a measurement flow tube 1 including first and second curved 
tube portions 2 and 3, the first curved tube portion 2 having a 
first inlet portion 4 through which a measurement fluid flows in 
and a first outlet portion 5 through which the measurement fluid 
flows out, the second curved tube portion 3 having a second inlet 
portion 6 through which the measurement fluid flows in and a second 
outlet portion 7 through which the measurement fluid flows out; 
a out . A fixing member 8 is situated in a middle position of the 
flow tube 1 as seen in plan view view, an d to which the first inlet 
portion 4, the second inlet portion 6, the first outlet portion 

5, and the second outlet portion 7 are fixed; and a fixed to the 
fixing member. A connecting tube portion 9 is provided between the 
first outlet portion 5 and the second inlet portion 6 and connecting 
connects the first outlet portion 5 and the second inlet portion 

6 , the 6 . The Coriolis flowmeter 11 being is used to obtain at least 
one of a mass flow rate and a density of the measurement fluid through 
detection of at least one of a phase difference and a vibration 
frequency proportional to the Coriolis forces acting on the first 
and second curved tube portions 2 and 3 by vibrating the first and 
second curved tube portions 2 and 3 with the first and second curved 
tube portions 2 and 3 being opposed to each other, wherein the other. 
The first inlet portion 4, the second inlet portion 6, the first 
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outlet portion 5, and the second outlet portion 7 are fixed to the 
fixing member 8 such that : that the first inlet portion 4 and the 
second inlet portion 6 are arranged in a non-parallel state such 
that a distance therebetween increases with increasing departure 
from the fixing member 8; and that the first outlet portion 5 and 
the second outlet portion 7 are arranged in a non-parallel state 
such that a distance therebetween increases with increasing 
departure from the f ixingmember 8 , the first and second inlet portions 
4 and 6 and the first and second outlet portions 5 and 7 being arranged 
symmetrically, wherein the symmetrically. The first outlet portion 
5, the second inlet portion 6, and the connecting tube portion 9 
are arranged such that their tube axes are in a straight line, and 
wherein a line. A distance between respective driven portions 10 
of the first and second curved tube portions 2 and 3 is smaller 
than a distance between respective portions thereof (connecting 
portions 16a) continuous with the driven portions 10. 

Further, to attain the object of the present invention, in 
the Coriolis flowmeter, the portions (connecting portions 16a) 
continuous with the driven portion 10 of the first curved tube portion 
2 and the first inlet portion 4 and the first outlet portion 5 are 
formed and arranged so as to be parallel to each other, and the 
portions (connecting portions 16a) continuous with the driven 
portion 10 of the second curved tube portion 3 and the second inlet 
portion 6 and the second outlet portion 7 are formed and arranged 
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so as to be parallel to each other. 

Further, to attain the object of the present invention, in 
the Coriolis flowmeter, the fixing member 8 is formed substantially 
in one of a circular configuration and an arcuate configuration 
in plan view. 

Further, to attain the object of the present invention, in 
the Coriolis flowmeter, the fixing member is formed in a wall- like 
configuration . 

Due to this construction, when the first curved tube portion 
2 and the second curved tube portion 3 are vibrated while opposed 
to each other (In the state shown in Fig. 1, a repulsive action 
is generated in the driving means; in the case of an attracting 
action, the directions of the arrows in Fig. 1 are reversed), the 
fixing member 8, to which the first inlet portion 4, the second 
inlet portion 6, the first outlet portion 5, and the second outlet 
portion 7 are fixed, receives at each fixing portion a torsional 
stress due to a torsional vibration converted from a bending 
vibration. 

However, as shown in Fig. 1, the first inlet portion 4 and 
the second inlet portion 6 are not parallel to each other, and the 
first outlet portion 5 and the second outlet portion 7 are not parallel 
to each other, either. Further, the first and second inlet portions 
4 and 6 and the first and second outlet portions 5 and 7 are in 
symmetrical positional relationships. Thus, when the first curved 
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tube portion 2 and the second curved tube portion 3 are vibrated 
while opposed to each other, the torsional stress due to the first 
inlet portion 4 and the second outlet portion 7 is canceled by these 
two, and the torsional stress due to the second inlet portion 6 
and the first outlet portion 5 is also canceled by these two. As 
a result, substantially no vibration is generated in the fixing 
member 8, and the loads applied to the first inlet portion 4, the 
second inlet portion 6, the first outlet portion 5, and the second 
outlet portion 7 are reduced. 

Accordingly, in the present invention, even if the rigidity 
of the fixing member 8 is low, and if the mass is small, it is possible 
to effectively restrain vibration leakage. Further, as shown in 
Fig. 1, the first outlet portion 5, the second inlet portion 6, 
and the connecting tube portion 9 are arranged continuously in a 
straight line, so that, according to the present invention, it is 
possible to enhance the productivity and durability of a Coriolis 
flowmeter. 

Further, the distance between the driven portions 10 is small, 
oo that small. Therefore , according to the present invention, it 
is possible to minimize the positional deviation of the driving 
means in these driven portions 10. 

According to a first aspect of the present invention , it is 
possible to provide a Coriolis flowmeter which involves minimum 
positional deviation and which is not subject to vibration leakage. 
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According to the present invention, it is possible to provide 
a Coriolis flowmeter which involves minimum positional deviation 
and is not subject to vibration leakage, and which is easy to 
manufacture and provides high durability. 

According to the present invention, it is possible to provide 
a Coriolis flowmeter in which the manufacture of the first and second 
curved tube portions is further facilitated. 

According to the present invention as claimed in Claim 4, 
uniform fixation is possible in the flow tube circumferential 
direction, so that it is possible to provide a Coriolis flowmeter 
which is still less subject to vibration leakage. 

According to the present invention, it is possible to achieve 
a reduction in the weight and cost of a Coriolis flowmeter. 

Brief Description of the Drawings 

Fig. 1 is a schematic view of a Coriolis flowmeter according 
to an embodiment of the present invention, showing the basic 
construction of a main portion of the Coriolis flowmeter; 

Fig. 2 is a longitudinal sectional view of the central portion 
(including the casing) of the Coriolis flowmeter of Fig. 1; 

Figs. 3A and 3B are diagrams for comparing conventional 
Coriolis flowmeters with that of the present invention, of which 
Fig. 3A shows the type in which the inlet portions and the outlet 
portions are directed upwards as seen in the drawing, and Fig. 3B 
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shows the type in which the inlet portions and the outlet portions 
are directed horizontally as seen in the drawing; 

Figs. 4A through 4D are diagrams showing a first embodiment 
of the present invention, of which Fig. 4A is a main portion front 
view, Fig. 4B is a sectional view taken along the line Al-Al of 
Fig. 4A, Fig. 4C is a sectional view taken along the line Bl-Bl 
of Fig. 4A, and Fig. 4D is a side view of Fig. 4A; 

Figs. 5A through 5D are diagrams showing a second embodiment 
of the present invention, of which Fig. 5A is a main portion front 
view, Fig. 5B is a sectional view taken along the line A2-A2 of 
Fig. 5A, Fig. 5C is a sectional view taken along the line B2-B2 
of Fig. 5A, and Fig. 5D is a side view of Fig. 5A; 

Figs. 6A through 6D are diagrams showing a third embodiment 
of the present invention, of which Fig. 6A is a main portion front 
view, Fig. 6B is a sectional view taken along the line A3 -A3 of 
Fig. 6A, Fig. 6C is a sectional view taken along the line B3-B3 
of Fig. 6A, and Fig. 6D is a side view of Fig. 6A; 

Figs . 7A through 7D are diagrams showing a fourth embodiment 
of the present invention, of which Fig. 7A is a main portion front 
view, Fig. 7B is a sectional view taken along the line A4-A4 of 
Fig. 7A, Fig. 7C is a sectional view taken along the line B4-B4 
of Fig. 7A, and Fig. 7D is a side view of Fig. 7A; 

Figs. 8A through 8D are diagrams showing a fifth embodiment 
of the present invention, of which Fig. 8A is a main portion front 
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view, Fig. 8B is a sectional view taken along the line A5-A5 of 
Fig. 8A, Fig. 8C is a sectional view taken along the line B5-B5 
of Fig. 8A, and Fig. 8D is a side view of Fig. 8A; 

Figs. 9A through 9D are diagrams showing a sixth embodiment 
of the present invention, of which Fig. 9A is a main portion front 
view, Fig. 9B is a sectional view taken along the line A6-A6 of 
Fig. 9A, Fig. 9C is a sectional view taken along the line B6-B6 
of Fig. 9A, and Fig. 9D is a side view of Fig. 9A; 

Figs. 10A through 10D are explanatory views showing another 
example of the fixing member, of which Fig. 10A is a front view 
of a Coriolis flowmeter, Fig. 10B is a sectional view taken along 
the line A7-A7 of Fig. 10A, Fig. IOC is a sectional view taken along 
the line B7-B7 of Fig. 10A, and Fig. 10D is a side view of Fig. 
10A; 

Fig . 11 is a perspective view of the flow tubes of a conventional 
Coriolis flowmeter; and 

Fig. 12 is a plan view of the flow tubes of Fig. 11. 

Boot Mode for Carrying Out Detailed Description of the Invention 
In the following, the present invention will be described with 

reference to the drawings. 

Fig. 1 is a schematic view of a Coriolis flowmeter according 

to an embodiment of the present invention, showing the basic 

construction of a main portion of the Coriolis flowmeter. Fig. 2 
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is a longitudinal sectional view of the central portion (including 
the casing) of the Coriolis flowmeter of Fig. 1. 

In Figs. 1 and 2, a Coriolis flowmeter 11 according to the 
present invention includes a casing 12, a single flow tube 1 
accommodated in the casing 12, a drive device 13, a sensor portion 
(not shown) having a pair of vibration detecting sensors 14 and 
a temperature sensor (not shown) , a signal computation processing 
portion (not shown) for performing computation processing on mass 
flow rate, etc. based on a signal from the sensor portion, and an 
excitation circuit portion (not shown) for exciting the drive device 
13. In the following, these components will be described. 

The casing 12 has a structure resistant to bending and torsion . 
Further, the casing 12 is formed in a size large enough to accommodate 
the flow tube 1, with a fixing member 8 for fixing the flow tube 
1 in position being mounted thereto to the casing 12 . Further, the 
casing 12 is-se formed so as to be capable of protecting the main 
portion of the flowmeter including the flow tube 1. The casing 12 
is filled with an inert gas, such as argon gas. Due to the filling 
with the inert gas, condensation on the flow tube 1, etc. is prevented. 

The casing 12 is mounted to the fixing member 8 by an appropriate 
means. The fixing member 8 is formed in a circular configuration 
in plan view. Although desirable, it is not always necessary for 
the fixing member 8 to be of a circular configuration in plan view. 
For example, it may be formed as a fixing member of a rectangular 
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configuration in plan view or, as shown in Figs. 10A through 10D, 
it may be formed as arcuate fixing members 8 " of a Coriolis flowmeter 
1" . Further, in this embodiment, the fixing member 8 is formed as 
a wall member defining an inner space. 

The flow tube 1 consists of a single looped measurement conduit 
(It is always not always necessary for the flow tube 1 to consist 
of a single looped conduit , as described in detail below with reference 
to a sixth embodiment of the present invention) , and includes a 
first curved tube portion 2 and a second curved tube portion 3 arranged 
so as to be opposed to each other, and a connecting tube portion 
9 connecting the first curved tube portion 2 and the second curved 
tube portion 3 to each other. Assuming that the arrow line P and 
the arrow line Q in Fig . 1 respectively indicate the vertical direction 
and the horizontal direction, the first curved tube portion 2 and 
the second curved tube portion 3 are formed substantially in an 
elliptical configuration, with both being elongated in the 
horizontal direction. 

The first curved tube portion 2 has a first inlet portion 4 
through which measurement fluid flows in and a first outlet portion 
5 through which measurement fluid flows out . The second curved tube 
portion 3 has a second inlet portion 6 through which measurement 
fluid flows in and a second outlet portion 7 through which measurement 
fluid flows out. The connecting tube portion 9 is provided between 
the first outlet portion 5 and the second inlet portion 6 . In other 
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words, the connecting tube portion 9 is provided for the purpose 
of connecting the first outlet portion 5 and the second inlet portion 
6 to each other . The first outlet portion 5 , the second inlet portion 
6, and the connecting tube portion 9 are formed and arranged such 
that they are continuously connected together in a straight line, 
in other words, that the axes of the three tubes are in a straight 
line . 

The first inlet portion 4, the second inlet portion 6, the 
first outlet portion 5, and the second outlet portion 7 are fixed 
to the fixing member 8. The first inlet portion 4 and the second 
inlet portion 6 are fixed and arranged in a non-parallel state such 
that the distance between them increases as they depart from the 
fixing member 8 . Similarly, the first outlet portion 5 and the second 
outlet portion 7 are fixed and arranged in a non-parallel state 
such that the distance between them increases as they depart from 
the fixing member 8. Further, the first and second inlet portions 
4 and 6 and the first and second outlet portions 5 and 7 are fixed 
and arranged so as to be in symmetrical positional relationships. 

Here, as can be seen from the drawings, the first inlet portion 

4, the second inlet portion 6, the first outlet portion 5, and the 
second outlet portion 7 are fixed to the fixing member 8 so as to 
be in the same plane; however, plane. However, the way the first 
inlet portion 4, the second inlet portion 6 , the first outlet portion 

5, and the second outlet portion 7 are fixed to the fixing member 
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8 is not restricted to this. For example, the fixation to the fixing 
member 8 may also be effected such that the first inlet portion 
4 and the second outlet portion 7 are in the same plane and that 
the first outlet portion 5 and the second inlet portion 6 are in 
the same plane . 

A terminal 4a of the first inlet portion 4 is led to the exterior 
in order to allow inflow of measurement fluid. Further, like the 
terminal 4a, the terminal 7a of the second outlet portion 7 is led 
to the exterior in order to allow outflow of measurement fluid. 
The terminal 4a and the terminal 7a are led out so as to be perpendicular 
to the arrow line P of Fig . 1 and so as to extend in opposite directions . 
Measurement fluid flowing in through the terminal 4a of the first 
curved tube portion 4 passes through the first curved tube portion 
2, the connecting tube portion 9, and the second curved tube portion 
3 before flowing out through the terminal 7a of the second outlet 
portion 7 (As for the flow of the measurement fluid, see the arrows 
in Fig. 1) . 

The first curved tube portion 2 has, in addition to the first 
inlet portion 4 and the first outlet portion 5, substantially arcuate 
curved portions 15 and a straight apex portion 16. Similarly, the 
second curved tube portion 3 has, in addition to the second inlet 
portion 6 and the second outlet portion 7, substantially arcuate 
curved portions 15 and another straight apex portion 16 . The apex 
portions 16 are formed in a substantially U-shaped configuration 
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so as to be back to back in plan view. That is, formed in each apex 
portion 16 are a driven portion 10 and connecting portions 16a. 
The connecting portions 16a are formed on either side of the driven 
portion 10. The connecting portions 16a are formed as portions 
connecting the driven portion 10 with the curved portions 15. The 
driven portions 10 are formed and arranged such that the distance 
between them is smaller than the distance between the curved portions 
15. 

The connecting portions 16a of the first curved tube portion 
2 are formed so as to be parallel to the first inlet portion 4 and 
the first outlet portion 5. Similarly, the connecting portions 16a 
of the second curved tube portion 3 are formed so as to be parallel 
to the second inlet portion 6 and the second outlet portion 7. It 
goes without saying that this formation helps to facilitate the 
production of the curved portion 15. 

The driven portion 10 of the first curved tube portion 2 and 
the driven portion 10 of the second curved tube portion 3 are arranged 
in parallel with a gap therebetween large enough to hold a relative 
small driving device 13 . Similarly, the curved portions 15 of the 
first curved tube portion 2 and the curved portions 15 of the second 
curved tube portion 3 are arranged with a gap therebetween large 
enough to hold the vibration detecting sensors 14 . The first inlet 
portion 4 and the second inlet portion 6 are formed and arranged 
such that the distance therebetween is large at the position 
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corresponding to the curved portions 15 and that the distance 
therebetween is small at the position corresponding to the fixing 
member 8 . Similarly, the first outlet portion 5 and the second outlet 
portion 7 are formed and arranged such that the distance therebetween 
is large at the position corresponding to the curved portions 15 
and that the distance therebetween is small at the position 
corresponding to the fixing member 8. 

Since the distance between the first inlet portion 4 and the 
second inlet portion 6 is small at the fixing member 8, vibration 
leakage does not easily occur. Further, as described below, a 
structure is adopted which cancels torsional stress . Substantially 
no vibration is generated in the fixing member 8. Further, since 
the distance between the driven portions 10 is small, the positional 
deviation generated in the driving device 13 is minimum. Further, 
also in the vibration detecting sensors 14 , the positional deviation 
is minimum. 

The material of the flow tube 1 is one usually adopted in this 
technical field, such as stainless steel, hastelloy, or titanium 
alloy. 

The driving device 13 constituting the sensor portion causes 
the first curved tube portion 2 and the second curved tube portion 
3 to vibrate while opposed to each other, and is equipped with a 
coil 17 and a magnet 18. The driving device 13 is arranged at the 
center of the driven portions 10 and so as to be held between them. 
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In other words, the driving device 13 is mounted at a position not 
offset with respect to the vibrating direction of the flow tube 
1. 

The coil 17 of the driving device 13 is mounted to one driven 
portion 10 of the flow tube 1 by using a dedicated mounting tool. 
Further, although not particularly shown, an FPC (flexible printed 
circuit) or electric wire is led out from the coil 17. The magnet 
18 of the driving device 13 is mounted to the other driven portion 
10 of the flow tube 1 by using a dedicated mounting tool. 

When an attracting action is generated in the driving device 
13, the magnet 18 is inserted into the coil 17, with the result 
that the driven portions 10 of the flow tube 1 are brought close 
to each other. In contrast, when a repulsive action is generated, 
the driven portions 10 of the flow tube 1 are moved away from each 
other. Since the flow tube 1 is fixed to the fixing member 8 as 
described above, the driving device 13 alternately drives the flow 
tube 1 in the rotating direction around the fixing member 8. 

The vibration detecting sensors 14 constituting the sensor 
portion are sensors for detecting vibration of the flow tube 1 and 
for detecting a phase difference proportional to the Coriolis forces 
acting on the flow tube 1, and are each equipped with a coil 19 
and a magnet 2 0 (The sensors are not restricted to the ones as described 
above; they may also be acceleration sensors, optical means, or 
capacitance type or distortion type (piezoelectric type) means as 
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long as they are capable of detecting one of displacement, velocity, 
and acceleration) . 

The vibration detecting sensors 14 thus constructed are 
arranged, for example, at positions within a range where they are 
held between the curved portions 15 of the flow tube 1 and where 
they can detect the phase difference proportional to the Coriolis 
force . 

The respective coils 19 of the vibration detecting sensors 
14 are mounted to one curved portion 15 of the flow tube 1 by using 
a dedicated mounting tool . Further, although not particularly shown, 
FPCs (flexible printed circuits) or electric wires are led out from 
the coils 19 . The respective magnets 20 of the vibration detecting 
sensors 14 are mounted to the other curved portion 15 of the flow 
tube 1 by using a dedicated mounting tool. 

Although not particularly shown, a board or the like is provided 
inside the Coriolis flowmeter 11 of the present invention. Further, 
connected to the board is a wire harness led out to the exterior 
of the casing 12 . 

The temperature sensor constituting a part of the sensor 
portion serves to effect temperature compensation on the Coriolis 
flowmeter 11, and is mounted to the flow tube 1 by an appropriate 
means. More specifically, it is mounted, for example, to the first 
inlet portion 4. Further, an FPC (flexible printed circuit) or 
electric wire (not shown) , led out from the temperature sensor, 


is connected to the board. 

Wiring and connection are effected in the signal computation 
processing portion such that there are input thereto a detection 
signal from one vibration detecting sensor 14 regarding deformation 
of the flow tube 1, a detection signal from the other vibration 
detecting sensor 14 regarding deformation of the flow tube 1, and 
a detection signal from the temperature sensor regarding the 
temperature of the flow tube 1 . In this signal computationprocessing 
portion, computation on mass flow rate and density is effected based 
on the detection signals input from the sensor portion. Further, 
in the signal computation processing portion, the mass flow rate 
and density obtained through computation are displayed on a display 
(not shown) . 

The excitation circuit portion includes a smoothing portion, 
a comparing portion, a target setting portion, a variable 
amplification portion, and a drive output portion. Wiring is 
effected in the smoothing portion so that a detection signal from 
one vibration detecting sensor 14 (or the other vibration detecting 
sensor 14) may be extracted. Further, the smoothing portion has 
a function by which it can rectify and smooth the input detection 
signal and output a DC voltage proportional to the amplitude thereof . 
The comparing portion has a function by which it can compare the 
DC voltage from the smoothing portion with a target set voltage 
output from the target setting portion and control the gain of the 


variable amplification portion to control the amplitude of the 
resonance vibration in conformity with the target set voltage. 

In the above construction, when measurement fluid is caused 
to flow through the flow tube 1, and the driving device 13 is driven 
to cause the first curved tube portion 2 and the second curved tube 
portion 3 to vibrate while opposed to each other, due to a difference 
in phase generated by the Coriolis force at the vibration detecting 
sensors 14 , the mass flow rate is calculated by the signal computation 
processing portion. Further, in this embodiment, the density is 
also calculated from the vibration frequency. 

Here, the superiority of the Coriolis flowmeter 11 of the 
present invention to the conventional ones as shown in Figs. 3A 
and3Bwillbe clarified. InFigs. 3Aand3B, the arrow line P indicates 
the vertical direction, and the arrow line Q indicates the horizontal 
direction. 

In Fig. 3A, fixed to a fixing member 31 are a first curved 
tube portion 32 and a second curved tube portion 3 3 constituting 
a flow tube. The first curved tube portion 32 and the second curved 
tube portion 33 are both formed in a reverse-U-shaped configuration 
and are arranged so as to be opposed to each other. The plane as 
defined by the first curved tube portion 32 and the plane as defined 
by the second curved tube portion 33 are parallel to each other. 
Formed in the first curved tube portion 32 are a first inlet portion 
34 through which measurement fluid flows in and a first outlet portion 


35 through which measurement fluid flow out. Formed in the second 
curved tube portion 33 are a second inlet portion 36 through which 
measurement fluid flows in and a second outlet portion 3 7 through 
which measurement fluid flows out. The first inlet portion 34, the 
first outlet portion 35, the second inlet portion 36, and the second 
outlet portion 3 7 extend in the vertical direction, and are secured 
toan upper surface 31aof the fixing member 31 so as to be perpendicular 
thereto. 

When, in the above construction, driving is effected between 
the apex portions of the first curved tube portion 32 and the second 
curved tube portion 33 to cause the first curved tube portion 32 
and the second curved tube portion 3 3 to vibrate while opposed to 
each other (Fig. 3A shows a state in which a repulsive action of 
the driving device is generated; in the case of an attracting action, 
the arrows are reversed; this also applies to Fig. 3B) , bending 
stresses as indicated by the arrows in Fig. 3A are generated. The 
bending stresses have the effect of causing the fixing portions 
of the first inlet portion 34, the first outlet portion 35, the 
second inlet portion 36, and the second outlet portion 37 to vibrate 
in the vertical direction, and, when direction. When the distance 
between the first inlet portion 34 and the second inlet portion 
3 6 and the distance between the first outlet portion 3 5 and the 
second outlet portion 37 are relatively large, there is a fear of 
vibration leakage occurring due to the above-mentioned vibration 


in the vertical direction. 

In Fig. 3B, fixed to a fixing member 51 are a first curved 
tube portion 52 and a second curved tube portion 53 constituting 
a flow tube. The first curved tube portion 52 and the second curved 
tube portion 53 are both formed as ell ipses extending in the hor i zontal 
direction and arranged so as to be opposed to each other. The plane 
as defined by the first curved tube portion 52 and the plane as 
defined by the second curved tube portion 53 are parallel to each 
other. The first curved tube portion 52 has a first inlet portion 

54 through which measurement fluid flows in and a first outlet portion 

55 through which measurement fluid flows out. The second curved 
tubeportion53 has a second inlet portion 56 through whichmeasurement 
fluid flows in anda second outlet portion57 through whichmeasurement 
fluid flows out . The first inlet portion 54 , the first outlet portion 
55, the second inlet portion 56, and the second outlet portion 57 
extend in the horizontal direction, and are fixed to side surfaces 
51a of the fixing member 51 so as to be perpendicular thereto. 

In the above construction, when driving is effected between 
the apex portions of the first curved tube portion 52 and the second 
curved tube portion 53 to cause the first curved tube portion 52 
and the second curved tube portion 53 to vibrate while opposed to 
each other, torsional stresses as indicated by the arrows in Fig. 
3B are generated. In the type as shown in Fig. 3B, bending vibration 
is converted to torsional vibration, with the result that torsional 
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stress is generated. Thus, it is to be assumed that there occurs 
no vibration leakage due to the vertical vibration as mentioned 
above. However, the torsional stress due to the first inlet portion 
54 and the torsional stress due to the first outlet portion 55 are 
torsional stresses in the same direction, and, further, the torsional 
stress due to the second inlet portion 56 and the torsional stress 
due to the second outlet portion 57 are torsional stresses in the 
same direction, so that there is a fear of curving deflection being 
generated in the fixing member 51. 

Referring again to Fig. 1, when the first curved tube portion 
2 and the second curved tube portion 3 of the Coriolis flowmeter 
11 of the present invention are vibrated while opposed to each other 
(Fig. 1 shows a state in which the repulsive action of the driving 
device 13 is generated; in the case of the attracting action, the 
arrows in Fig. 1 are reversed) , there are applied, to the fixing 
member 8 to which the first inlet portion 4 , the second inlet portion 
6, the first outlet portion 5, and the second outlet portion 7 are 
fixed, torsional stresses due to the torsional vibration converted 
from the bending vibration at each fixing portion. However, as shown 
in Fig. 1, the first inlet portion 4 and the second inlet portion 
6 are not parallel to each other, and the first outlet portion 5 
and the second outlet portion 7 are not parallel to each other, 
either; further, the first and second inlet portions 4 and 6 and 
the first and second outlet portions 5 and 7 are in symmetrical 
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positional relationships, so that the torsional stresses due to 
the first inlet portion 4 and the second outlet portion 7 are canceled 
therebetween, and the torsional stresses due to the second inlet 
portion 6 and the first outlet portion 5 are also canceled therebetween . 
Thus, substantially no vibration is generated in the fixing member 
8. 

According to the present invention, the load on the first inlet 
portion 4, the second inlet portion 6, the first outlet portion 
5, and the second outlet portion 7 is small. Even if the rigidity 
of the fixing member 8 is low, or if the mass is small, it is possible 
to effectively restrain vibration leakage. Further, as shown in 
Fig. 1, the first outlet portion 5, the second inlet portion 6, 
and the connecting tube portion 9 are arranged continuously in a 
straight line, so that, according to the present invention, it is 
possible to enhance the ease of manufacture and durability of a 
Coriolis flowmeter. In addition, since the distance between the 
driven portions 10 is small, it is possible to minimize deviation 
in the positional relationship between the driven portions 10 and 
the driving device 13 . 

As described above, according to the present invention, it 
is possible to provide a Coriolis flow member 11 in which the 
positional deviation of at least the driving device 13 is minimum, 
which-4r & has little subject to vibration leakage, and which is easy 
to manufacture and of high durability. 


Next, more specific examples of the configuration of the main 
portion of the Coriolis flowmeter will be described with reference 
to Figs. 4A through 9D. 
(Example 1) 

In Figs. 4A through 4D, the flow tube 1 is obtained by looping 
a single measurement flow tube, and includes the first curved tube 
portion 2 and the second curved tube portion 3 arranged so as to 
be opposed to each other, and the connecting tube portion 9 connecting 
the first curved tube portion 2 and the second curved tube portion 

3 to each other. In the flow tube 1 shown in Figs. 4A through 4D, 
the flow tube 1 as described, for example, with reference to Fig. 
1 is embodied. In the following, its construction will be briefly 
described. 

The first curved tube portion 2 has the first inlet portion 

4 and the first outlet portion 5. The second curved tube portion 
3 has the second inlet portion 6 and the second outlet portion 7. 
The connecting tube portion 9 is provided between the first outlet 
portion 5 and the second outlet portion 6 . The first outlet portion 
5, the second inlet portion 6, and the connecting tube portion 9 
are formed and arranged so as to be continuous in a straight line. 

The first inlet portion 4 and the second inlet portion 6 are 
fixed to the fixing member 8 so as to be in the same plane; the 
first inlet portion 4 and the second inlet portion 6 are arranged 
so as not to be parallel to each other. Like the first inlet portion 


4 and the second inlet portion 6, the first outlet portion 5 and 
the second outlet portion 7 are fixed to the fixing member 8 so 
as to be in the same plane, with the first outlet portion 5 and 
the second outlet portion 7 being arranged so as not to be parallel 
to each other. The terminal 4a of the first inlet portion 4 and 
the terminal 7a of the second outlet portion 7 are led out such 
that, as shown in Fig. 4A, they are perpendicular to the arrow P 
of Fig. 1 and that the direction in which the measurement fluid 
flows in (terminal 4a) and the direction in which the measurement 
fluid flows out (terminal 7a) are opposite to each other. 

The driving device 13 is provided between the respective apex 
portions 16 of the first curved tube portion 2 and the second curved 
tube portion 3, that is, between the driven portions 10. Further, 
between the respective curved portions 15 of the first curved tube 
portion 2 and the second curved tube portion 3, there are provided 
the vibration detecting sensors 14. A well-known brace bar 21 is 
provided so as to be astride the first inlet portion 4 and the second 
inlet portion 6. Similarly, another well-known brace bar 21 is 
provided so as to be astride the first outlet portion 5 and the 
second outlet portion 7. The brace bars 21 are spaced apart from 
the fixing member 8 by a predetermined distance. The arrows in the 
drawings show how the measurement fluid flows. 
(Example 2) 

In the flow tube 1 shown in Figs. 5A through 5D, the lead-out 
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directions of the terminal 4a of the first inlet portion 4 and the 
terminal 7a of the second outlet portion 7 of the flow tube 1 shown 
in Figs. 4A through 4D are changed. In the example shown in Figs. 
5A through 5D, the terminal 4a of the first inlet portion 4 and 
the terminal 7a of the second outlet portion 7 are led out such 
that, as shown in Fig. 5A, the direction in which the measurement 
fluid flows in (terminal 4a) and the direction in which the measurement 
fluid flows out (terminal 7a) are the same (the vertical direction 
as indicated by the arrow P of Fig. 1) . Further, the terminal 4a 
of the first inlet portion 4 and the terminal 7a of the second outlet 
portion 7 are led out so as to be arranged in the center line LI 
of the first curved tube portion 2 and the second curved tube portion 
3 as shown in Fig. 5B. 
(Example 3) 

In the flow tube 1 shown in Figs. 6A through 6D, the lead-out 
directions of the terminal 4a of the first inlet portion 4 and the 
terminal 7a of the second outlet portion 7 of the flow tube 1 shown 
in Figs. 4A through 4D are changed. In the example shown in Figs. 
6A through 6D, the terminal 4a of the first inlet portion 4 and 
the terminal 7a of the second outlet portion 7 are led out such 
that, as shown in Fig. 6A, the direction in which the measurement 
fluid flows in (terminal 4a) and the direction in which the measurement 
fluid flows out (terminal 7a) are the same (the vertical direction 
as indicated by the arrow P of Fig. 1) . Further, the first curved 


tube portion 2 with the terminal 4a of the first inlet portion 4 
and the second curved tube portion 3 with the terminal 7a of the 
second outlet portion 7 cross each other as shown in Fig. 6A, and, 
in this state, they are led out so as to be arranged in the center 
line LI of the first curved tube portion 2 and the second curved 
tube portion 3 as shown in Fig. 6B. 
(Example 4) 

In the flow tube 1 shown in Figs. 7A through 7D, the lead-out 
directions of the terminal 4a of the first inlet portion 4 and the 
terminal 7a of the second outlet portion 7 of the flow tube 1 shown 
in Figs. 4A through 4D are changed. In the example shown in Figs. 
7A through 7D, the terminal 4a of the first inlet portion 4 and 
the terminal 7a of the second outlet portion 7 are led out such 
that, as shown in Fig. 7A, the direction in which the measurement 
fluidflows in (terminal 4a) and the direction in which the measurement 
fluid flows out (terminal 7a) are the same (the vertical direction 
as indicated by the arrow P of Fig. 1) . Further, the first curved 
tube portion 2 with the terminal 4a of the first inlet portion 4 
and the second curved tube portion 3 with the terminal 7a of the 
second outlet portion 7 are led out so as to be arranged, while 
undergoing bending as shown in Fig. 7B, in the center line L2 
perpendicular to the center line LI of the first curved tube portion 
2 and the second curved tube portion 3 as shown in Fig. 7B. 
(Example 5) 


In the flow tube 1 shown in Figs. 8A through 8D, the bending 
directions of the terminal 4a of the first inlet portion 4 and the 
terminal 7a of the second outlet portion 7 of the flow tube 1 shown 
in Figs. 7A through 7D are changed. 
(Example 6) 

In Figs. 9A through 9D, a flow tube 1' includes two tube portions 
consisting of a first curved tube portion 2' and a second curved 
tube portion 3. The first curved tube portion 2 ! has a first inlet 
portion 4' and a first outlet portion 5' . The second curved tube 
portion 3 1 has a second inlet portion 6 1 and a second outlet portion 
7' . 

The first inlet portion 4 1 and the second inlet portion 6 1 
are fixed to a manifold 22 of the fixing member 8' so as to be in 
the same plane with the first inlet portion 4 1 and the second inlet 
portion 6' being arranged so as not to be parallel to each other. 
Like the first inlet portion 4 1 and the second inlet portion 6', 
the first outlet portion 5' and the second outlet portion 7' are 
fixed to the manifold 22 of the fixing member 8* so as to be in 
the same plane, with the first outlet portion 5' and the second 
outlet portion 7 1 being arranged so as not to be parallel to each 
other . The measurement fluid flows into the manifold 22 of the fixing 
member 8'. Further, the measurement fluid flows out through a 
manifold 23 of the fixing member 8 1 . 

In the flow tubes 1 shown in Figs. 4A through 10D, the driving 


device 13 is provided between the apex portions 16, 16 1 of the first 
curved tube portion 2, 2' and the second curved tube portion 3, 
3 ! , that is, between the driven portions 10, 10'. Further, the 
vibration detecting sensors 14 are provided between the curved 
portions 15, 15' of the first curved tube portion 2, 2' and the 
second curved tube portion 3, 3' . The brace bar 21 is provided to 
the first inlet portion 4, 4' and the second inlet portion 6, 6' 
so as to be astride the first inlet portion 4, 4' and the second 
inlet portion 6, 6' . Similarly, as in the first inlet portion 4, 
4' and the second inlet portion 6, 6', another well-known brace 
bar 21 is provided to the first outlet portion 5, 5' and the second 
outlet portion 7, 7' so as to be astride the first outlet portion 
5, 5' and the second outlet portion 7, 7' . The brace bars 21 are 
spaced apart from the fixing member 8 , 8 ' by a predetermined distance 
so as not to come into contact with the fixing member 8, 8 ! . The 
arrows in Figs. 4A through 10D show how the measurement fluid flows. 

It goes without saying that various modifications are possible 
without departing from the scope of the present invention. 
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ABSTRACT 

A first inlet portion (4) , a second inlet portion ( 6 ) , a first 
outlet portion (5) , and a second outlet portion (7) are fixed to 
a fixing member ( 8 ) , and a connecting tube portion (9) is provided 
between the first outlet portion (5) and the second inlet portion 
4&f. Further, the first inlet portion (4) and the second inlet 
portion (6) are fixed so as to be in a non-parallel state such that 
the distance between the two increases as they depart from the fixing 
member ( 8 ) , and the first outlet portion (5) and the second outlet 
portion — (-3-)- are similarly arranged in a non-parallel otatc , — £he 
state. The first and second inlet portions (4) and (6) and the first 
and second outlet portions — (-5-) — and (7) being are fixed so as to 
be arranged symmetrically. Further, the first outlet portion (5) , 
the second inlet portion (6) , and the connecting tube portion (9) 
are arranged such that their tube axes are in a straight line . Further, 
the distance between driven portions — (10) is made small. 
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[FIG. 3A] 
BENDING STRESS 

[FIG. 3D] 
TORSIONAL STRESS 
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